The prospects for determining |V ub | from exclusive B semileptonic decay are discussed. The double ratio of form factors (f (B→ρ) /f (B→K * ) )/ (f (D→ρ) /f (D→K * ) ) is calculated using chiral perturbation theory. Its deviation from unity due to contributions that are non-analytic in the symmetry breaking parameters is very small. Combining experimental data obtainable from B → ρ ℓν ℓ , B → K * ℓl and D → ρl ν ℓ can lead to a model independent determination of |V ub | with an uncertainty from theory of about 10%.
D → K * l ν ℓ with the Cabibbo suppressed decay D → ρl ν ℓ . Using heavy quark symmetry the SU(3) violations in the form factors that occur in these decays are related to those that occur in a comparison of B → K * ℓl (or B → K * ν ℓνℓ ) with B → ρ ℓν ℓ . Therefore, experimental data on B → K * ℓl in conjunction with data on D → ρl ν ℓ and D → K * l ν ℓ can be used to determine |V ub |. This proposal is complementary to other approaches for determining |V ub |, since it relies on the standard model correctly describing the rare flavor changing neutral current process B → K * ℓl.
In this letter we compute corrections to these form factor relations which violate both chiral and heavy quark symmetry, and are non-analytic in the symmetry breaking parameters. We also reconsider the influence of long distance effects on the extraction of the B → K * form factors from B → K * ℓl.
We denote the form factors relevant for semileptonic transitions between a pseudoscalar meson P (Q) , containing a heavy quark Q, and a member of the lowest lying multiplet of vector mesons, V , by g (H→V ) , f (H→V ) and a (H→V ) ± , where V (p ′ , ǫ)|q γ µ Q |H(p) = i g (H→V ) 
and ε 0123 = −ε 0123 = 1. We view the form factors g, f and a ± as functions of the dimensionless variable y = v·v ′ , where p = m H v, p ′ = m V v ′ , and q 2 = (p−p ′ ) 2 = m 2 H +m 2 V −2m H m V y.
(Although we are using the variable v · v ′ , we are not treating the quarks in V as heavy.)
The experimental values for the D → K * l ν ℓ form factors assuming nearest pole dominance for the q 2 dependences are [6] f (D→K * ) (y) = (1.9 ± 0.1) GeV 1 + 0.63 (y − 1) ,
The shapes of these form factors are beginning to be probed experimentally [6] . The form factor a − is not measured because its contribution to the D → K * l ν ℓ decay amplitude is suppressed by the lepton mass. The minimal value of y is unity (corresponding to the zero recoil point) and the maximum value of y is (m 2 D + m 2 K * )/(2m D m K * ) ≃ 1.3 (corresponding to q 2 = 0). Note that f (y) changes by less than 20% over the whole kinematic range 1 < y < 1.3. Therefore, in the following analysis of B decays we will extrapolate the form factors with a small uncertainty to the somewhat larger region 1 < y < 1.5. The full kinematic region for B → ρ ℓν ℓ is 1 < y < 3.5.
The differential decay rate for semileptonic B decay (neglecting the lepton mass, and not summing over the lepton type ℓ) is
Here S (H→V ) (y) is the function 
The second relation is obtained using a The numerical values in Eq. (2) differ slightly from those used in Ref. [4] . This makes only a small difference in S (B→ρ) , but changes δ (B→ρ) more significantly. In the region 1 < y < 1.5, |δ (B→ρ) (y)| defined in Eq. (4) is less than 0.06, indicating that a (B→ρ) + and g (B→ρ) make a small contribution to the differential rate in this region.
This prediction for S (B→ρ) can be used to determine |V ub | from a measurement of the B → ρ ℓν ℓ semileptonic decay rate in the region 1 < y < 1.5. This method is model independent, but cannot be expected to yield a very accurate value of |V ub |. Typical SU(3)
violations are at the 10 − 20% level and one expects similar violations of heavy quark symmetry.
Ref. [4] proposed a method for getting a value of S (B→ρ) (y) with small theoretical uncertainty. They noted that the "Grinstein-type" [7] double ratio
is unity in the limit of SU(3) symmetry or in the limit of heavy quark symmetry. Corrections to the prediction R(y) = 1 are suppressed by
is very close to unity, the relation
together with measurements of |f (D→K * ) |, |f (D→ρ) |, and S (B→K * ) will determine S (B→ρ) with small theoretical uncertainty. The last term on the right-hand-side makes Eq. 
While the former process is very clean theoretically, it is very difficult experimentally. A more realistic goal is to use B → K * ℓl, since CDF expects to observe 400 − 1100 events in the Tevatron run II (if the branching ratio is in the standard model range) [9] . There are some uncertainties associated with long distance nonperturbative strong interaction physics in this extraction of S (B→K * ) (y).
The main purpose of this comment is to examine the deviation of R from unity using chiral perturbation theory. We find that it is at the few percent level. The uncertainty from long distance physics in the extraction of S (B→K * ) is also reviewed. On average, in the region 1 < y < 1.5, this is probably less than a 10% effect on the B → K * ℓl decay rate.
Consequently, a determination of |V ub | from experimental data on D → K * l ν ℓ , D → ρl ν ℓ , B → K * ℓl and B → ρ ℓν ℓ with an uncertainty from theory of about 10% is feasible.
(i) Chiral perturbation theory for R
The leading deviation of R from unity can be calculated using a combination of heavy hadron chiral perturbation theory for the mesons containing a heavy quark and for the lowest lying vector mesons. We adopt the notations and conventions of Refs. [10, 11] . The weak current transforms as (3 L , 1 R ), and at the zero recoil kinematic point there are two operators
is one of the lowest lying vector mesons ρ, ω, K * , φ). Demanding that the Zweig suppressed D s → ωl ν ℓ process vanishes relates the two operators, yielding [12] 
Here repeated SU (3) indices are summed and the trace is over Lorentz indices. H (Q) contains the ground state heavy meson doublet, N is the nonet vector meson matrix [11] , and β is a constant. The leading contribution to R(1) − 1 arises from the Feynman diagrams in Fig. 1 .
Diagrams with a virtual kaon cancel in the double ratio R. Neglecting the vector meson widths, 2 these diagrams yield
where
The only significant width is that of the ρ meson. Since it occurs in the loop graph involving an η, neglecting the ρ width amounts to treating Γ ρ /2m η ≪ 1, which is a reasonable approximation. 
Here g 2 is the ρ ω π coupling, g is the DD * π coupling, and f ≃ 131 MeV is the pion decay constant (note that f η ≃ f π ). In the nonrelativistic constituent quark model g = g 2 = 1 [10] , while in the chiral quark model [13] g = g 2 = 0.75. Experimental data on τ → ω π in the region of low ω π invariant mass gives g 2 ≃ 0.6 [14] .
For small ∆, Eq. There may be significant corrections from higher orders in chiral perturbation theory. However, the smallness of our result lends support to the expectation that R(1) − 1 is very close to zero. There is no reason to expect any different conclusion over the kinematic range 1 < y < 1.5.
(ii) Long distance effects and the extraction of S (B→K * ) from B → K * ℓl
The decay rate for B → K * ν ℓνℓ could determine S (B→K * ) free of theoretical uncertainties. However, experimental study of this decay is very challenging. A more practical approach to extracting this quantity is to use B → K * ℓl. The differential decay rate is
This and Eq. (7) allow us to rewrite Eq. (3) as
which can be directly used to extract |V ub |. Unitarity of the CKM matrix implies that |V * ts V tb | ≃ |V * cs V cb | with less than a 3% uncertainty. The fine structure constant, α = 1/129, is evaluated at the W -boson mass. d(y) parameterizes long distance effects, and will be discussed below. ∆(y) takes into account the contribution of the magnetic moment operator, 
In perturbation theory using the next-to-leading logarithmic approximation [16] C 9 (y) = C 9 + h(z, y) (
where z = m c /m b . Here h(u, y) = − 8 9 ln u + 8 27
where In Eq. (13) the second term on the right-hand-side, proportional to h(z, y) comes from charm quark loops. Since the kinematic region we are interested in is close to q 2 = 4m 2 c , a perturbative calculation of the cc loop cannot be trusted. Threshold effects which spoil local duality are important. It is these long distance effects that give rise to the major theoretical uncertainty in the extraction of |V ub | from the B → K * ℓl differential decay rate using Eq. (12) . 3 The influence of this long distance physics on the differential decay rate is Consequently, we model the part of h(z, y) with explicit q 2 -dependence in Eq. (14) with a sum over resonances [17] calculated using factorization
The resonances ψ (n) have masses 3.097 GeV, 3.686 GeV, 3.770 GeV, 4.040 GeV, 4.160 GeV, and 4.415 GeV, respectively, and their widths Γ ψ (n) and leptonic branching ratios B(ψ (n) → ℓl) are known [18] . The factor κ = 2.3 takes into account the deviation of the factorization model [19] parameter a 2 from its perturbative value. Denoting the value of C 9 (y) in this model by C ′ 9 (y), its influence on the differential decay rate is given by d(y) defined as
d(y) is plotted in Fig. 2 (solid has determined the sign of the ratio of factorization model parameters, a 2 /a 1 , and the phase of a 1 is expected to be near its perturbative value [20] . Secondly, since the resonance saturation model only represents the cc loop for charm quarks that are not far off-shell, we have only used it for the part of h(z, y) in Eq. (14) with explicit q 2 dependence, retaining the perturbative expression for the first two terms, −(8/9) ln z + 8/27. The ln z term has dependence on m b , which is clearly short distance in origin. This reduces somewhat the magnitude of d(y) and makes it more symmetric about zero (compare Fig. 2 with Fig. 6 of Ref. [4] ). It would be interesting to have a more physical separation between the long and short distance parts of the amplitude.
Whether it is reasonable to use factorization for the resonances above 4 GeV can be tested experimentally, since these states cause a very distinctive pattern in dΓ/dy. In Fig. 3 the shape of dΓ/dy is plotted in the region 1 < y < 1.5 using the resonance saturation model 
Here the barred quantities, C 2 9 , ∆, and d denote the averages of | C 9 (y)| 2 , ∆(y), and d(y)
weighted with S (B→K * ) (y). Using the shape for S (B→K * ) predicted from heavy quark sym-metry, we find C 9 = 4.58, ∆ = −0.16, and d = −0.08. Note that the y-dependence of C 9 is small and C 9 is close to C 9 . In Eq. (17) 
In the region q 2 = (p ℓ + pl) 2 < m 2 J/ψ (corresponding roughly to y > 2), one cannot use the double ratio and Eq. (12) . Moreover, the O 7 contribution to the B → K * ℓl rate is large and proportional to 1/q 2 , so the (leading order) heavy quark symmetry relations between the tensor and (axial-)vector form factors 4 introduce a significant uncertainty. For q 2 < m 2 J/ψ , one can do better using SU(3) flavor symmetry alone to predict dΓ(B → π ℓν ℓ )/dq 2 from a measurement of dΓ(B → Kℓl)/dq 2 . Since this region is far from q 2 max , the B * pole contribution [22] is unlikely to upset the SU(3) relations. The O 7 contribution to dΓ(B → Kℓl)/dq 2 is at the 10 − 15% level, fairly independent of q 2 . In the region
A similar relation also holds for integrated rates.
A measurement of the B → K * ℓl decay rate is unlikely before the Tevatron run II.
Without this measurement, one has to rely on predicting the B → ρ form factors from D → ρ using heavy quark symmetry, or from D → K * using both chiral and heavy quark symmetries. As discussed following Eq. (7), recent experimental data [8] suggests that the SU(3) relation between f (D→K * ) and f (D→ρ) is not violated by more than 15%. Heavy quark 4 It was argued in Ref. [21] that heavy quark symmetry can be used even at small q 2 .
symmetry and the measured D → K * form factors in Eq. (2) imply that theB 0 → ρ + ℓν ℓ branching ratio in the region 1 < y < 1.5 is 5.9 |V ub | 2 . The measured decay rate B(B 0 → ρ + ℓν ℓ ) = (2.5 ± 0.4 +0.5 −0.7 ± 0.5) × 10 −4 [2] together with |V ub | ∼ 0.003 imply that about 20% ofB 0 → ρ + ℓν ℓ decays are in the range 1 < y < 1.5.
Despite the presence of long distance effects associated with the cc resonance region, the B → K * ℓl rate can be used in Eq. (12) to determine |V ub | with a theoretical uncertainty that is about 10%. Experimental verification of the distinctive y-dependence of the differential rate associated with the 1 −− resonances above 4 GeV (see Fig. 3 ) would reduce the theoretical uncertainty from long distance effects. A precise value of |V ub | may be available from other processes, e.g., the hadronic invariant mass spectrum in inclusiveB → X u ℓν ℓ decay [23] or from lattice QCD results on exclusive form factors [24] before the B → K * ℓl decay rate is measured. In that case, Eq. (12) gives an accurate standard model prediction for the B → K * ℓl decay rate in the region 1 < y < 1.5. Comparison with data may signal new physics or provide stringent constraints on extensions of the standard model.
